Low temperature magnetoconductance measurements were made in the vicinity of the charge neutrality point. Two origins for the fluctuations were identified close to the CNP. At very low magnetic fields there exist only mesoscopic magneto-conductance quantum interference features which develop rapidly as a function of density. At slightly higher fields (> 0.5T), close to the CNP, additional fluctuations track the quantum Hall sequence expected for monolayer graphene.
Since the first experimental realization of mechanically exfoliated graphene [1] there has been growing interest in its material properties close to the charge neutrality point (CNP) [2, 3, 4] . A finite resistance at the CNP provided strong evidence of the existence of electron and hole puddles which was confirmed directly by scanning probe techniques [5] .
One of many remarkable properties of graphene in comparison with other 2DEGs is that in spite of its dramatically lower mobility, mesoscopic conductance fluctuations persist to surprisingly high temperatures [6, 7, 8] as predicted [9] . On the other hand, effects which require time reversal symmetry in addition to phase coherence, such as weak localization, are suppressed in the absence of mechanisms enabling inter-valley scattering [10, 11, 12] .
Analysing low field magneto-transport measurements has become a critical tool to extract important scattering parameters. To make interpretation straightforward measurements are typically restricted to magnetic fields lower than those at which QHE features are visible.
Graphene samples made via mechanically exfoliated techniques, however, tend to involve voltage contacts placed together at distances roughly equivalent to inhomogeneity length scales thus allowing the conductance to be sensitive to mesoscopic phenomena. In addition the spread in densities is significant in Graphene. This raises the question as to what low field measurements of magneto-conductance fluctuations in graphene are actually probing.
In this paper, we find that the charging of individual QH localized states can dominate the magneto-conductance in transport experiments down to magnetic fields four times lower than any other QHE related feature such as QHE plateaux or SdH oscillations.
The graphene flake was mechanically exfoliated over an n-doped Si substrate covered with 300 nm of SiO 2 . Figure 1(b) shows a micrograph of the graphene flake before and after the four Ti/Au contacts were deposited in a cross pattern. The spacing of the contacts at the closest point was 1 µm. The carrier density was controlled by applying a voltage to the silicon back gate (a change of 1 V corresponds to a change in density of 7.1×10 10 cm −2 ). Standard low noise AC transport techniques were used to make the measurements.
One of the four contacts briefly overlapped a bilayer. To eliminate any possibility that this influenced the results, the measurements were repeated with this particular contact monolayer nature of the flake the Quantum Hall effect was measured. This is shown in Figure   1 (d Conductance fluctuations measurements taken close to the CNP at low magnetic fields were visible with a root mean square exponential dependence up to 60 K, as shown in Figure   2 . The detailed pattern of fluctuations was altered on cycling the temperature between 4
K and 100 K. Such properties are consistent with a quantum interference origin for the fluctuations. We also observe a broad resistance dip in magnetic field sweeps close to the CNP (disappearing at a density of 10 11 cm −2 ). This dip remained even at 100K confirming that it was not related to a broad weak anti-weak localization. Evidence for such an antiweak localization feature in addition to a weak localization peak was obtained by subtracting the low temperature curves from the 100K data. A resistance dip which persisted to higher temperature has been previously reported in the literature and modelling found it to be consistent with the existence of electron and hole puddles [13] . This is consistent with our data as we were able to obtain an excellent fit to our dip using equation [3] from [13] if we used slightly different parameters for each field direction (attributed to our contact geometry).
The equation is based on an exact two fluid model [14] with an additional phenomenological conductivity term.
with parameters for the left (right) side of the curve being σ xx,1 = 2.68 (1.90) e 2 /h, σ xx,0 = 6.17 (6.95) e 2 /h and µ = 2.63 (2.93) m 2 /V·s. The fit over the 100K trace is shown in Figure   2 . Although the equation is strictly only valid at the CNP we find phenomenologically that the density range of the dip (2×10 11 cm −2 ) is consistent with the range of the puddle regime (see below) as obtained from the QH dot charging events. We first consider the behaviour of the conductance fluctuations away from the CNP. In Figure 4 (a), we plot the raw data minus a background, which removes the dip feature To elucidate the nature of the parallel lines we plot, in Figure 5 , the magneto-conductance over wider magnetic field and density ranges effectively expanding the measurements of the bottom right quadrant of Figure 3 is more evident in these data.
We now address the origin of the lines corresponding to QHE filling factors slopes. To break down, the QHE requires edge states on opposite sides of the sample to equilibrate via Cobden et al. [16] showed in small MOSFETs that at high magnetic fields such resonant backscattering events followed lines parallel to the QH filling factors. They proposed a model involving interactions. The potential inhomogeneity screening ability of the 2DEG is removed as the Landau level locally approaches full occupation. This leads to small quantum dots (QH quantum dots) isolated by incompressible regions. The backscattering events occur as the fluctuations are charged with single electrons in the same way that current flows through quantum dots at Coulomb blockade peaks. Such a charging picture has recently been confirmed by state-of the art probe experiments in AlGaAs/GaAs and Graphene 2DEGs [17, 18] . The probe experiments measured the local compressibility of these fluctuations directly.
Our parallel lines originate at magnetic fields four times lower than any QHE feature and so a simple backscattering model associated with the breakdown of the QHE cannot be trivially evoked. We propose that the parallel lines are a precursor to the QHE which is possible due to the very wide density spread that occurs in graphene devices. From the spread in parallel lines we estimate density fluctuations of 2×10 11 cm −2 for electrons consistent with that obtained from local probe techniques [15, 17] . This results at low fields in a complex extended state network connecting closely separated contacts at low fields. Isolated QH dots can form "locally" in this regime. At these low magnetic fields charging of these dots does not backscatter current in the sense of the resonant breakdown of the quantum Hall effect. However, local equilibration redistributes the current in the current path network. but with a few fluctuations at twice the density spread of the results above, consistent with the mesoscopic nature of the fluctuations.
In conclusion, we have studied magneto-conductance fluctuations in a graphene monolayer close to the charge neutrality point. We find that the large density fluctuations in Graphene leads to two separate categories for magneto-conductance fluctuations at low fields, those related to quantum interference and those related to charging of localized quantum Hall states. The spread in the Quantum interference fluctuations in FFT plots narrows as one approach the CNP suggesting that for these fluctuations it is the size of electron/hole puddles that is important rather then the overall density fluctuation range.
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